Ligands based upon 4-carboxamide-2-phenylquinoline derivatives have been synthesised with solubilising octyl hydrocarbon chains and tethered aromatic chromophores to give naphthyl (HL 2 ), 
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Chromophore-appended, luminescent transition metal complexes have enjoyed significant attention over the years due to the wide variety of both fundamental and applied studies that are possible with such systems. 1 The interactions of photoactive units, be they covalently linked in simple dyad systems or self-assembled into 30 supramolecular architectures, can allow studies into electron 2 and energy transfer 3 mechanisms, triplet-triplet annihilation and upconversion. 4 The interplay between chromophore-localized and complex-based excited states has been commonly studied with a range of d 6 and d 8 heavy metal transition metals including, most 35 commonly, Ru(II). The use of pyrene as a photoactive unit in such systems has also attracted particular attention. Highly structured monomertype fluorescence at 320-400 nm, an unstructured broad excimertype emission at 430-460 nm and long-lived phosphorescence at 40 around 600 nm dominate the emission properties of pyrene and have led to wide applications, particularly in sensing. 5 A large number of studies have investigated the photophysical properties of luminescent complexes that incorporate pyrene chromophore(s) into the ligand architecture; a recent article has 45 reviewed metal-pyrene assemblies and their photophysical properties. 6 Some reports have also focused on pyrene-derived ligands as cyclometalating components within Ir(III) 7 and Pt(II) complexes, 8 leading to the heavy metal mediated population of ligand-centred 50 triplet states. Such species have been shown to possess a range of luminescent properties and can also display highly efficient singlet oxygen ( 1 O 2 ) photogeneration.
9
Of relevance to this paper are the reports of complexes that incorporate tethered chromophores via a linking (or spacer) 55 bridge, and complexes that show extended luminescent lifetimes due to the energy reservoir effect (sometimes also referred to as reversible electronic energy transfer), arising through thermal equilibration between triplet metal-to-ligand charge transfer ( 3 MLCT) and triplet ligand-centred pyrene ( 3 LC pyr ) excited 60 states. 10 The requirement for this reversible triplet-triplet energy transfer is that the two excited states must lie in close energetic proximity, the observable manifestation of which leads to elongated 3 MLCT lifetimes. Pyrene-appended diimine complexes of Ru(II) are the classical examples in this context: the 3 MLCT 65 lifetime of the [Ru(bpy) 3 ] 2+ chromophore can be extended well into the microsecond domain by excited state equilibration with long-lived 3 LC pyr where the energetic difference in the states is ca. 600 cm -1 . 11 Although Ru(II) diimine systems represent the vast majority of the reported examples that show elongated 3 MLCT lifetimes via this mechanism, studies have also looked at pyrene-appended cyclometalated Ir(III) species which also show remarkable extension of lifetimes and high sensitivity to dissolved 3 O 2 . 12 The energy difference of the two interacting 5 states was 680 cm -1 and led to a very long lifetime of 225 s for the complex. Subsequent studies have further developed Ir(III) complexes to yield high sensitivity optical oxygen sensors through their incorporation into nanostructured metal-oxide matrix films.
13 10 The majority of Pt(II) complexes that incorporate a pyrene moiety into the ligand fragment show 3 LC pyr based phosphorescence because this triplet state often lies below any 3 MLCT state associated with the Pt(II)-based chromophore. Acetylide complexes of Pt(II) which possess conjugated pyrene 15 units are a typical example where the long-lived, room temperature emission can be solely attributed to 3 LC pyr . 14 The group of McMillin has reported cyclometalated Pt(II) complexes that incorporate a 4-substituted 2,2:6,2-terpyridine (trpy) ligand wherein the conjugated, pyrene-appended complex shows a long 20 lifetime of 45 s in fluid solution. However, this lifetime was not attributed to energy reservoir effects, but rather the predominance of 3 LC pyr character to the emitting state. 15 In earlier work the same group reported a similar trpy-pyrene Pt(II) compound and attributed the long luminescent lifetime of the complex to an 25 excited state of mixed 3 ILCT/ 3 LC pyr / 3 MLCT parentage, although the possibility of excited state equilibrium between the 3 ILCT and 3 LC pyr states, by anology with earlier discussion, could not be ruled out. 16 Zhao and Guo have reported Schiff base complexes of Pt(II) that include conjugated pyrene chromophores and one of 30 these complexes possesses luminescent properties that appear to be consistent with a 3 MLCT/ 3 LC pyr thermal equilibration giving extended lifetimes in the microsecond domain. 17 To the best of our knowledge all of the pyrene-platinum dyads reported thus far all involve direct conjugation of the pyrene unit 35 to the chelating ligand and/or direct coordination to the platinum centre. We therefore report the first series of functionalised cyclometalated Pt(II) complexes, [Pt(L n )(acac)] based upon a substituted 4-carboxamido-2-phenylquinoline ligand, that incorporate a tethered chromophore (naphthyl, anthracenyl and 40 pyrenyl) and builds on our prior work on cyclometalated luminescent Pt(II) species that encompass the 4-substituted, 2-phenylquinoline moiety.
18 Crucially in such complexes the emitting state of the Pt(II) complexes is primarily 3 MLCT in character with a tuneable emission wavelength around 610-630 45 nm (cf [Ru(bpy) 3 ](PF 6 ) 2 emits at 615 nm 19 in MeCN). Therefore such species should be viable candidates for probing energy reservoir effects with selected chromophores such as pyrene. In this study, the complexes are further adorned with a lipophilic octyl hydrocarbon chain to enhance the solubility properties of 50 the ligand precursors and enable study of the Pt(II) coordination chemistry. This paper discusses the synthetic routes, characterisation, including X-ray crystal structures, and luminescence properties of these new ligands and complexes. 
Results and Discussion
Synthesis and characterisation of the ligands
Initially syntheses of chromophoric ligands lacking the alkyl chain were attempted via condensation of different chromophoric amino precursors (e.g. 1-aminonaphthalene, 1-90 aminomethylpyrene) with 2-phenylquinoline-4-carbonyl chloride. However, the resultant ligands were found to be insoluble in all common solvents other than DMSO and subsequent attempts to synthesise the corresponding Pt(II) dimers were unsuccessful using established methodologies. To overcome the limiting 95 solubility of these species an alternative target was sought that incorporated an alkyl chain into the ligand architecture (Scheme 1). Thus, the precursor secondary amines (P 2-4 ) were formed from the reductive amination of 1-octylamine (P 1 ) with the aryl aldehyde of the corresponding chromophore (1-naphthaldehyde, 100 9-anthracenecarboxaldehyde, 1-pyrenecarboxaldehyde). P 2-4 were then reacted with 2-phenylquinoline-4-carbonyl chloride to form the corresponding ligands HL [2] [3] [4] in good yields. The chromophore-free analogue HL 1 was synthesised by condensing 1-octylamine with 2-phenylquinoline-4-carbonyl chloride and has 105 been reported previously. 4 , the same methylene group revealed two distinct sets (SI, Fig. S1 ) of diastereotopic protons (in an approximate 2:1 ratio), 10 suggesting that there were two distinct isomeric forms of these ligands, attributed to restricted rotation about the amide bond. The major isomer displayed two distinct doublets with a geminal coupling constant 2 J HH ~ 15 Hz, the minor isomer a much broader, less resolved signal. The presence of two isomers in HL 2 15 and HL 4 leads to a highly complex set of overlapping aromatic signals. In our hands these isomers were found to be inseparable using column chromatography. 
Conformational analysis of the isomeric forms of HL 4
Since the ligand contains an amide linkage, there is a possibility of significant delocalization of the π (C=O) and N π orbitals; disruption of this delocalization is therefore expected to give rise 35 to restricted rotation about the amide bond. The presence of an unsymmetrical quinoline amide substituent means that the two inplane amide orientations correspond to two different isomeric forms. We probed the energetics by which these two isomers could interconvert using computational methods. A relaxed 40 potential energy surface scan, obtained by systematically varying the amide O-C-N-C pyrene dihedral angle, whilst allowing the remaining centers to optimize, afforded an energy profile similar to that displayed in Fig. 1 . As expected, the energy profile shows two minima, corresponding to approximate dihedral angles of 0 ° 45 and 180 °, i.e. structures in which the N π lone pair can be considered delocalized over the amide group. In addition, the energy profile contains two maxima, corresponding to the two perpendicular arrangements of the amide group, in which the π (C=O) and N π orbitals are orthogonal.
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Taking structures along the calculated potential energy surface as suitable starting points, the minima and transition state structures were optimized without geometry restraints, and their relative energies obtained (Fig. 1) . As expected, the two minima correspond to structures in which the O-C-N-C pyrene dihedral 55 angles are approximately 0 ° and 180 ° (optimized values are -1 ° and 175 ° respectively), consistent with qualitative predictions.
Likewise, the two transition states were found to have dihedral angles of 103 ° and 293 °, somewhat distorted from an ideal 90 ° and 270° (based upon a pure delocalization argument), which 60 presumably lies in the fact that the sterics of the peripheral amide groups have an effect on the precise position of the maxima on the potential energy surface. Interestingly, the ground state structure with a dihedral of ca. 180° was found to be highly dependent on the method used in the calculations. This particular 65 conformation brings the pyrene and quinoline rings into close proximity; in these calculations we included dispersion effects into the method (DFT-D) in order to satisfactorily account for weak non-bonding interactions in this relatively sterically hindered system. The structures thereby obtained exhibit an angle 70 between the two planes of 13°, whereas calculations performed without considering dispersion effects gave an analogous structure with an angle of 73°. Whilst the addition of dispersion effects gave only modest differences to the relative energies of the two ground state structures was largely unaffected (within 75 typical error limits assigned to DFT calculations), it is clear that the addition of such corrections can have a significant effect on the conformation of calculated structures, and highlights the potential for dispersion effects to increase the accuracy and reliability of structural prediction and interpretation. The two ground state isomers are calculated to be within 2 kJ.mol -1 , which is essentially isoenergetic within typical DFT error limits. This is entirely consistent with the isomers being present in approximately equal concentrations, as determined by NMR spectroscopy. Moreover, the calculated activation barriers 85 for interconversion of the isomers give G = 102 and 107 kJ.mol -1 , which are relatively high; given that no interconversion was detected by NMR spectroscopy at room temperature, these calculated activation energies are consistent with the experimental observations. These results can be favourably 90 compared to a study in which the rotation of an N-aryl bond was investigated. 21 The activation barrier was found to be ca. 77 kJ.mol -1 , and rotation of the aryl group was observed only upon heating to ≥ 70 °C; given that no such interchange was observed for the system described here, the calculated values are plausible 95 and support the experimental data. Coordinates for the calculated structures are provided in the ESI.
Synthesis and characterization of cyclometalated Pt(II) complexes
The target complexes [Pt(L due to doubling of the signals. For these speices, the aliphatic region was more informative, as indicated via resonances of the coordinated -diketonate ligand (two singlets at ca. 5.5 ppm that correspond to the bridging CH, and four singlets around 2 ppm assigned to the methyl groups), and the two sets of diastereotopic 5 protons for the methylene group at 4.5-6.5 ppm that are subtly shifted from the free ligands. Variable temperature NMR spectroscopy revealed no interchange of the isomers at elevated temperatures (up to 90°C in d 8 -toluene), which correlates with the high activation barrier for isomerisation predicted by the 10 computational studies on HL 4 . The downfield region of the 13 In contrast, the structure of [Pt(L 4 )(acac)] revealed an isomer which positions the pyrene unit away from the phenylquinoline. The packing arrangement results in very little π-stacking interactions between the phenylquinoline units and, somewhat surprisingly, none between the pyrene moieties. However, this 5 could be due to the positioning of the octyl chain, which can be seen lying between the pyrene units. There was no evidence for metallophilic interactions in [Pt(L 4 )(acac)], presumably due to the bulk of the ligand preventing such interactions in the crystalline form. 10 It is noteworthy that, with reference to the DFT calculations on the conformational aspects of HL 4 , both X-ray structural studies reveal arrangements of the ligand where the chromophore was positioned away from the phenylquinoline unit and is not stacking. In the case of [Pt(L 3 )(acac)], supporting spectroscopic 15 data has already shown that the species exists as a single isomer, the precise conformational nature of which has been structurally identified by the X-ray studies above. However, for [Pt(L 4 )(acac)] the NMR studies showed that two isomers, as supported by the computational work, co-exist, although only one 20 of these isomers was isolated through crystallisation. Table 2 . Selected bond lengths (Å) and bond angles (°) from the crystallographic data. 25 The free ligands exhibit absorption bands assigned to the different, and overlapping, ligand-centred (LC)
UV-vis. and luminescence spectroscopy
1 π→π* transitions of the 2-phenylquinoline and the appended chromophores. For HL 2 the 2-phenylquinoline and naphthyl bands overlap in the range 250-350 nm. For HL 3 and HL 4 the longer wavelength 30 absorptions of the anthracene and pyrene chromophores were clearly assigned due to the distinctive vibronic character of these bands between 320-400 nm (Fig. 4) . In particular, the spectrum of HL 4 is a classical representation of a pyrene absorption with the three vibronic bands clearly visible at 345, 329 and 316 nm. (Fig. 4) . In the luminescence studies, firstly, the free ligands were found to be fluorescent in solution, and in the case of HL 2 -HL 4 the emission profiles were dominated by the appended fluorophore in each case (for example, see SI, Fig S6) . In contrast to [Pt(L 1 )(acac)], the room temperature emission profiles of the chromophore-appended complexes [Pt(L 2-4 )(acac)] 15 in aerated chloroform revealed two main components: (i) a chromophore-centred fluorescence <500 nm (with corresponding lifetimes consistent with 1 -* character); (ii) a broad featureless band at ca. 605 nm attributed to a metal-based excited state of strong 3 MLCT character (e.g. Fig. 6 ). These complexes can 20 therefore be described as dual emissive ( Fig. S7 ). 40 The potential interplay of the 3 LC states of the appended chromophore (naphthyl, anthracenyl or pyrenyl) and 3 MLCT excited states was investigated using low temperature (77K) For example, Figure 6 shows that the vibronically structured triplet emission from the naphthyl moiety ( 3 LC nap ) for HL 2 , with an onset ca. 21300 cm -1 lies well above, and with minimal overlap of, the 3 30 The structures were solved by charge flipping using SUPERFLIP 31 and were completed by iterative cycles of F-syntheses and full-matrix least squares refinement. All non-H atoms were refined anisotropically and difference Fourier 75 syntheses were employed in positioning idealized hydrogen atoms and were allowed to ride on their parent C-atoms. Disordered solvent molecules were modelled using partial occupancy. All refinements were against F 2 and used SHELXL-2014. 32 Figures were created using the ORTEP3 software 
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DFT Calculations
All calculations were performed on the Gaussian 09 suite. 33 Relaxed potential energy scans were calculated by fixing the O-C-N-C pyrene dihedral angle, and allowing the structure to optimize at each value of the scanned parameter. The structures 90 corresponding to the minima and maxima of the potential energy surface were thereafter used as a starting geometry for a subsequent transition state calculation. Molecular geometries were optimized without restraints, and were followed by frequency calculations to ascertain the nature of the stationary 95 point (minimum vs. saddle point). Frequency calculations of transition state structures showed only a single imaginary frequency, corresponding to the expected reaction coordinate. Calculations were performed using the restricted B3LYP hybrid functional, 34 incorporating the D3 version of Grimme's 100 dispersion correction. 35 The 6-31G(d,p) double ζ basis set was used for all centres. 36 Coordinates of all optimized structures are provided in the supplementary material. TD-DFT calculations were performed using the unrestricted B3LYP functional employing 6-31+G(d,p) basis set on all centres. The first 24 105 excited states were calculated; details of those excited states are provided in the ESI. Low-resolution mass spectra were obtained by the staff at Cardiff University. High-resolution mass spectra were carried out by at the EPSRC National Mass Spectrometry Service at Swansea University. UV-Vis studies were performed on a Jasco V-570 spectrophotometer as chloroform solutions. Photophysical data were obtained on a JobinYvon-Horiba Fluorolog spectrometer 5 fitted with a JY TBX picosecond photodetection module and a Hamamatsu R5509-73 detector (cooled to -80C using a C9940 housing). Emission spectra were uncorrected and excitation spectra were instrument corrected. The pulsed sources were either a Nano-LED configured for 372 nm or 459 nm output (operating 10 at 500 kHz) or a Continuum Minilite Nd:YAG laser at 355 nm (operating at 15 Hz) . Degassed samples were prepared by a thricely freeze-pump-thaw treatment of solutions using a bespoke cell fitted with a Young's tap and solvent bulb. Luminescence lifetime profiles were obtained using the JobinYvon-Horiba 15 FluoroHub single photon counting module and the data fits yielded the lifetime values using the provided DAS6 deconvolution software.
Materials
All reactions were performed with the use of vacuum line and 20 Schlenk techniques. Reagents were commercial grade and were used without further purification. 2-phenyl-4-quinolinecarboxylic acid and potassium tetrachloroplatinate were used as purchased from Alfa Aesar.
General synthesis for P 2-4 . 25 Equimolar aryl aldehyde and 1-octylamine were dissolved in ethanol (20 mL) and heated at reflux for 16 h under dinitrogen. The reaction was cooled and NaBH 4 (excess) was added in portions. The reaction was stirred for a further 16 h before dilution with dichloromethane (20 mL) and then washed with 30 water (2  20 mL) and brine (20 mL). The organic phase was dried over MgSO 4 before the solvent was removed in vacuo. General method for the synthesis of the ligands 37 Thionyl chloride (excess) was added, dropwise, to a stirring 
Synthesis of P
Synthesis of platinum (II) complexes
General method for the complexes 17 A solution of potassium tetrachloroplatinate (II) (1 eq.) in water (2 mL) was added to a stirring solution of HL n (1 eq.) in 2-ethoxyethanol (6 mL) under dinitrogen and heated to 80 °C for 16 40 h in a foil-wrapped flask. Brine (10 mL) was added to the cooled solution and the resultant precipitate was collected on a sinter and washed with water (2  10 mL) and dried. The solid was used without purification. Crude [Pt(L)--Cl 2 Pt(L)] was then dissolved in a minimum volume of DMSO before being precipitated with 45 brine (10 mL), filtered on a sinter and washed with water (2  20 mL). [Pt(L)(DMSO)Cl] (1 eq) was dissolved in 3-pentanone (5 mL), to which sodium acetylacetonate (1 -10 eq) was added. The reaction was stirred at room temperature for 16 h under dinitrogen. The solvent was removed in vacuo and the crude 50 product dissolved in dichloromethane (10 mL) and filtered to remove any insoluble salts. The yellow solution was dried in vacuo. The crude products were purified by column chromatography (silica) and were eluted as the first yellow band with dichloromethane and dried in vacuo. 
